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₁. Introduction
Globalizing economic activities and decentralization of government might appear common-
ly in many advanced countries. Many environmental and social problems require better-
ment with voluntary contributions of many agents such as government, firms, residents 
and NPO. For the problems new effective methods or technologies are possibly developed 
by supporting funds and efforts of these agents. Sustainable development of communities 
could be achieved by cooperation and improved or voluntary participation of multi stake-
holders.1） By effective cooperation of stakeholders corporations or non-profit organizations 
could achieve sustainable management and contribute to improve social welfare. Since 
many stakeholders seek self interests, probably contributions of many stakeholders are de-
ficient and out of balanced to promote sustainability. We must investigate incentives of 
voluntary contributions and devise a sustainable scheme to foster and to facilitate them.2） 
　Price mechanism in market economy takes vital role in the resource allocation. The in-
dexes to substitute or complement the price are investigated in the external market econo-
my. In the previous version of research Tanaka (2008), we considered the mechanism which 
sends stakeholders signals toward low carbon emission communities. We aimed to make 
clear the properties of energy intensity and carbon intensity in the framework of the Lon-
don Accord 2007. Tanaka (2008) had been recommended as one in the citation papers3） by 
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citations.html (Accessed at ₂₉ April, ₂₀₁₈)
336
the London Accord and Long Finance from 2007 to 2018. This precedent paper attempted to 
simplify the theoretical construction of the two intensity initiatives but did not takes 
enough spaces to make clear the implication of the theoretical foundation. This paper re-
frains from changing the theoretical structure fundamentally and succeeds the theoretical 
framework of Tanaka (2008) surely. To achieve the purposes this new research added the 
graphical explanations to the original exploration.
　The main results of this paper are stated as follows. The three indexes that are repre-
sented as reduction of carbon emission, carbon intensity and energy intensity are stated 
formally in the context of incentive frameworks. Graphical exploration makes clear the 
principle to select the most efficient index for any stage of economic development. This pa-
per is organized by the following three sections. In 2 the theoretical framework to investi-
gate the intensities approaches is described by the method of economics. In 3 the optimal 
conditions regarding the three targeting indexes are stated in the mathematical expres-
sions. Graphical analyses demonstrate that the best index should change as economies de-
velop. The section 4 discusses how to combinate the three incentive indexes and the theo-
retical foundation on the environmental Kuznets curve.
₂. Construction of model
We are obliged to convert the way of life and production system in our society into more 
energy efficient system to achieve the sustainability at a global scale. Many new technolo-
gies or policies are developed or proposed to attain the energy efficient society. Probably 
each method seems to contain merits and demerits at the same time and shows various 
benefits and costs to be determined. Some innovations might proceed in a sires of progress-
es and mature for long time consequently. We should take strategic approach to accelerate 
the innovation process. Evaluating the relative advantage of each method, we should se-
lect the best mix of the policies. It is largely possible that each measure or technology 
shows environmental advantage with the costs of decreasing consumption and production 
in the economy. We are sometimes targeting to construct conflicting goals for the economy 
and the environment. The goals for sustainability could be guided by arranging synthetic 
social indexes which satisfy some proper characteristics. The London Accord focuses on the 
functions of a couple of indexes, the energy intensity and the carbon intensity.4） Consider-
ing the two indexes, we explain some notations as follows. The quantity of energy J is 
measured by Joule. The scale of national product Y is denoted by GDP. It is a desirable 
target for climate change that we achieve higher Y with lower consumption of J. We should 
₄ ）　Krapivin and Varotsos (₂₀₀₇) review the theoretical analysis of globalization and sustainability. 
Bosetii, Garraro and Galeotti (₂₀₀₆) consider dynamical properties of  carbon and energy intensity. 
International Energy Agency (₂₀₁₇) offers comparative consideration among many countries. 
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design a clear signal to challenge the climate change as price mechanism in market econo-
my plays the role on achieving efficient resource allocations. 
　We should employ more efforts or resources to increase efficiency of Y regarding to J. 
The developments of new production technologies or the reform of transformation or distri-
bution system might contribute improvement of the combination Y and J for global envi-
ronmental problems. We indicate the level of resources invested or consumed to improve Y 
as ey. ej denotes the volume of effort to improve energy efficiency J. ey and ej are traded in 
markets by the price of the unit. The London Accord argues the properties of the five capi-
tals; natural capital, human capital, social capital, manufactured capital and financial 
capital.5） Resources are invested or poured into some capitals intensively according to rela-
tive advantage of them. In other words, resources are arranged among feasible targets for 
climate changes. If the total resource to be available newly for constructing the sustainable 
society is given by E, the fund G to improve environment and poverty problems is expected 
to enlarge resource restriction in the area of challenging global environmental problems. 
The condition is expressed by 
ey＋ej＝E＋G. (₁)　
　The new technologies to improve energy efficiency possibly increase national products 
but deplete J for the economy.　In some case, the new technologies to improve efficiency of 
solar energy replace a part of fossil energy but possibly decrease J for the total energy gen-
eration. In other case, the advanced equipment in power station requires great investment 
but is able to generate higher level of J. Although we can suppose both possibilities, it is 
appropriate to consider the former case mainly. It is assumed that Y and J are the monoto-
nously increasing and decreasing functions of ey and ej as Y(ey) and J(ej) present. It is as-
sumed that the inequalities Y'(ey)＞0 an J'(ej)＜0 are satisfied.6）J'(ej)＜0  means that innova-
tion in the technology and the life style brings the social system with more efficient energy 
generation and consumption. We refer this assumption as negative prospect by distin-
guishing from the positive prospect. C is the total amount of carbon emitted in a nation. 
The growth of Y is a main factor to increase carbon emission. Joule consumption by burn-
ing coal or oil increases Carbon emission largely but the renewable energy is possibly as-
sumed to affect carbon emission in a limited way. The relation between carbon emission 
and Joule depends on the energy sources determined by energy policies. Carbon function is 
expressed by
C＝F (Y, J ).  (2)　
₅ ）　Forum for the Future (₂₀₀₇) pp. ₇－₁₅.
₆ ）　This assumption is reflected by negative prospect. Some technologies intend to increase J by 
additional investment of ej. The positive prospect J' (ej) ＞ ₀  is discussed later.
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The shape of the carbon function is influenced by technologies, methods and policies for 
the global warming. The energy intensity is defined by EI≡
J(ej) 
Y(ey)
. Similarly, the carbon in-
tensity is defined by CI≡
F(Y(ey), J(ej))
J(ej)
. It is assumed that the inequalities 
∂F
∂Y
＞0 and
∂F
∂J
 
＞0 are satisfied. 
₃. Methods of indication for minimizing carbon emission
In this section, we consider implications of index approach in climate change by employing 
a model analysis. The policies for minimizing carbon emission are derived by solving the 
first order conditions of the following Lagrange function (3). λ is a Lagrange multiplier. 
Differentiating 
F(Y,J)＋λ(ey＋ej－E－G)  (3)　
with regard to ey and ej, we derive the following conditions
∂F
∂Y
 dY
dey
＋λ＝0,
∂F
∂J
 dJ
dej
＋λ＝0.
It is certain that the inequality
＜0
dey
dY
dej
dJ
dY
dJ =－   (4)　
holds. Considering (4), we can suppose that J and Y satisfy a positive correlation.7） That is, 
(4) expresses the increment of J required by one unit of growth Y in the most efficient car-
bon emission. In order to construct low carbon emission communities, the depletion of en-
ergy efficiency is obtained by an expense of decreasing GDP. (4) implies that the improving 
efficiency of J production to be restricted by the growth of GDP to achieve low carbon com-
munities decreases to lower in lower marginal depletion effect of energy －
dJ
dej
 or higher 
marginal national product 
dY
dey
. The situation is assumed to be obtained by moving some 
₇ ）　In the case of positive prospect for energy technologies, J'(ej) ＞₀, (₄) is positive. If our society 
construct by these technologies, the growth of Y can be achieved by depleting J. In this condition, we 
could attain the growth of Y and depletion of J at the same time. So we could easily find the way to 
low carbon society.
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efforts from ey to ej. That is, the economic or shadow price should be determined by the rate 
of the two marginal effects of energy and production. The rate will be set up as a targeting 
index for market oriented solution for climate change. In this essay, policies based on (4) is 
named by direct or single index approach.
　The approach to target the minimizing emission of carbon should be evaluated an en-
forceable initiative to reduce carbon emission. The effects are illustrated by Figure 1. To 
explain Figure 1 more simply, (4) is replaced by (4)'.
dey
dY
dej
dJ
dY
dJ =－ . (4)'　
The marginal energy consumption 
dJ
dY
 is assumed to be increasing and exhibited by the 
curve AD. The curve expresses that the intensity of the effort to reduce carbon emission is 
increasing regarding GDP. That is, as the GDP grows, the society to pursue minimizing 
carbon emission continues raising the incentive index to reduce the emissions. In particu-
lar, when we move from the point B to C on the curve AD, the index of energy is increasing 
monotonously. When we aim at minimizing carbon emission in the first place, the graphi-
cal implication is stated as follows. The index of carbon reduction should be rising as GDP 
dY
GDP: Y
Index of Energy
dey
dY
dej
dJ /－
dY
dJ
0 Y* Y**
dJ
dY
dJ
B
C
A
D
1
E
F
G
Y
F
dY
dJ
∂J
∂F+ /1Y
**
**
*
*
Source: produced by author
Figure 1　Carbon reduction and carbon intensity
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increases monotonously. 
　The London Accord adopts two indexes expected to arrange investments for many fields 
of depleting carbon effectively and efficiently. We assume that the most efficient social sys-
tem with carbon emission is attained in the condition satisfies the highest level of carbon 
intensity. To solve the solution the Lagrange function is described as follows.
F(Y(ey), J(ej))
Y(ey)
＋μ(ej＋ey－E－G). (5)　
μ is a Lagrange multiplier. Differentiating (5) with ej and ey, the first order conditions of 
low carbon communities is written by
∂J
∂F
Y
dej
dJ
−∂Y
∂F
Y 2
dey
dYFdey
dY
+µ=0 .  
+µ=0 ,  
By arranging the above two expressions, we ensure that the growth rate of Joule and GDP 
satisfy 
∂J
∂F
Y Y dej
dJ−∂Y
∂F
F
dey
dY=
（　　　   ）
.  (6)　
Although we must develop some more investigation, the following result is obtained by 
comparing (5) and (6). To explore the implication of (6) further the left side of (6) multi 
plied by －1 is transformed into 
∂J
∂FY
YdJ
F
dY ＋
1 .  (7)　
For the relatively small economy Y＜1, (6) is assumed to be larger than negative value of 
(4). Index approach seems to target greater substation rate between the energy J and the 
product Y. 
  We could explore the implication of (6) by using Figure 1 repeatedly. (7) is depicted by the 
curve EG. The curve EG is placed a higher intensity index for the scope under the point F 
and remain in a lower index for the GDP over the point F. Figure 1 brings the incentives 
initiatives that the energy intensity is effective target on carbon reduction for the develop-
ing economies but the emission of carbon is an efficient index for the developed countries.
　Finally, we consider the energy intensity. Employing the following Lagrange function
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J(ej)
Y(ey)
＋α(ej＋ey－E－G).  (8)　
α is a Lagrange multiplier. The first order conditions of the energy intensity are exhibited 
by
Y
dej
dJ
J− Y 2 dey
dY
+α=0 ,  
+α=0 .
The above expressions are arranged by
Y
dej
dJ
J
dey
dY
+ =0 .
 (9)　
Consequently, the intensity of energy implies the depletion rate of J and growth rate of Y 
of the two efforts ej and ey equilibrate each other in the low carbon communities. (9) is re-
written by (10). In other words, the rate between J and Y should be equal to rate of margin-
al effect of two efforts ej and ey. Considering the intensity of energy employs average rate 
J
Y
 instead of marginal 
dJ
dY
 in the case (4), this intensity sends more cautious signal to de-
plete J than the single index approach. 
Y
dej
dJ
J
dey
dY=－ ＞0 .  (10)　
Noticing that (7) is rewritten by
dJ
Y
1
dY ∂J
∂F
F
（　　－　　）,  
 (11)　
two intensities adopted by the London Accord indicate that the larger economy Y needs 
more effort to deplete J.
　Finally, the two intensities provide a sophisticate valuation for policies of climate change 
in dynamic arrangement process. In an equilibrium, two indexes (7) and (10) turn into the 
identical value. To simply the expression the elasticity of energy to carbon emission 
∂F
∂J
 
J
F
 
is denoted by ε. Making (10) equal to (11), 
dJ
dY
＝J(1－
1
ε
) (12)　
is derived. J depletion accompanied by decrease of production Y becomes larger as J or ε 
increases. That is, the economic or market value of energy depends on the elasticity of en-
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ergy to carbon emission.
　The expression (10) exhibits the condition that minimizes the energy intensity and de-
picted by the curve HK in Figure 2. Although many combinations might occur among the 
three curves in Figure 2, we select and explore one typical case to obtain significant policy 
implications. In Figure 2 the highest curves among the 3 are supposed to suggest the most 
effective index to reduce carbon for any Y. The part HI of the curve HK suggests the ener-
gy intensity index achieves the most efficient performance for the low range of Y. The sec-
tion IF in the curve EG indicates that carbon intensity is the best indicator for the middle 
range of Y. The section FD in the curve AD expresses that carbon emission is the most effi-
cient index for the high range of Y.
₄. Concluding remarks
To achieve low carbon emission, we should target to combine the economic or market value 
to resource allocation between production and energy efficiency improvements in the direct 
one index approach. On the other, the London Accord is constructed by the two intensities 
on low carbon communities in theoretical framework. This article makes clear the charac-
teristics of the two indexes approach. Two main results are confirmed. First, the two in-
dexes approach makes many effective signals to moving communities into low carbon sys-
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Figure 2　Carbon intensity and energy intensity
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tem of society in the dynamical adjustment procedure. Second, in the goal the economic 
and the market determine the resource allocation between economy and environment val-
ue depends on energy J and the elasticity of energy to carbon emission.
　Kuznets (1955) has explored seminal research on the empirical relation between econom-
ic growth and inequality and proposed the famous hypothesis of the inverse U shape curve. 
This hypothesis has been influential but caused many discussions. In environmental issue 
Shafik (1994) and Grossman and Kruerger (1991) initiated the research on the evidence of 
the environmental Kuznets curve. The theoretical results from Figure 2 imply the follow-
ing proposition in the present situation to curtail carbon emission sluggishly. If large coun-
tries follow the principle of energy intensity, Curve HK might appear. This figure indicates 
high performance for the low Y, low performance for the middle Y, and high performance 
for the high Y. This assumption could provide a theoretical foundation of environmental 
Kuznets Curve. However, many countries are assumed to adapt mixed strategies to reduce 
carbon emission effectively. For the countries are placed under the direction of the energy 
intensity on the section HB. Some countries succeed in changing the guiding principle 
from energy intensity to carbon intensity and on the section IC. This theoretical research 
demonstrates that we should accept the guiding principle to reduce carbon emission direct-
ly. Possibly, the case that is not explored in Figure 2 might occur us. The theoretical ap-
proach is expected to propose us to switch the guiding indexes appropriately for construct-
ing low carbon societies.8）
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